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a b s t r a c t
The Riata and Riata ST family of implantable cardioverter-deﬁbrillator leads are prone to a unique type of
structural failure involving exteriorization of the conductor cables, which may present as electrical
failure. We report a mode of lead failure that occurred in a patient with a Riata 1570 series dual coil 8F
lead. In this case, the ﬁrst appropriate shock for ventricular ﬁbrillation resulted in noise, that in turn led
to recurrent inappropriate shocks and proarrhythmia, that clinically mimicked a life-threatening
electrical storm.
& 2014 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.
1. Introduction
The Riata and Riata ST family of 8-F and 7-F implantable
cardioverter-deﬁbrillator (ICD) leads are prone to failure involving
exteriorization of the conductor cables. This resulted in a class I
recall in December 2011 [1]. Lead failure is the result of a break-
down of the structural integrity of the lead that may, or may not,
present with abnormalities of electrical parameters. Here we report
a unique mode of electrical failure that occurred in a patient with a
Riata 1570 series dual coil lead. In this case, the ﬁrst appropriate
shock for ventricular ﬁbrillation (VF) resulted in noise that in turn
led to a series of inappropriate shocks mimicking an electrical storm
leading to near-death.
2. Case report
A 59-year-old man with a single chamber ICD implanted in
2006 for secondary prevention (Epic VR V-197 with 8F RIATA 1570
dual coil lead, St Jude Medical) presented to a peripheral hospital
with repetitive ICD shocks over a 3-h period, which had resulted in
loss of consciousness. On admission, he was noted to have pulse-
less VF, for which a successful external rescue deﬁbrillation was
performed, along with intravenous amiodarone infusion. He was
transferred to our hospital on a ventilator owing to the occurrence
of electrical storm.
Intracardiac electrogramswere examined and they revealed that a
total of 36 shocks had been delivered to the patient (Fig. 1). The ﬁrst
appropriate successful shock delivered 17.5 J for VF (Fig. 1a). The ICD
was programmed to 2 ventricular tachycardia (VT) zones
(VT1o360 ms, VT2o320 ms) and a VF zone (o280 ms). After the
ﬁrst successful shock, noise was detected, which was classiﬁed as VF
resulting in an inappropriate shock (Figs. 1b and c). Repeated inap-
propriate shocks, delivered in response to noise, resulted in VT. This in
turn resulted in further shocks, ﬁnally degenerating to VF (Fig. 1c).
Further investigation of the ICD provided more clues. Electrical
lead parameters were assessed and revealed a threshold of 0.5 V at
a pulse width of 0.4 ms, sensed R waves of 9 mV, high voltage lead
impedance of 35Ω, and pacing impedance of 545Ω. Thus, there
had not been any signiﬁcant sudden changes in the electrical lead
parameters prior to the presenting episode (Fig. 2). Repeated shocks
had also increased the deﬁbrillator charge time (to 428 s) and
depleted the battery voltage (to o2.45 V), indicating an elective
replacement interval (ERI) state. Fluoroscopic evaluation of the lead
showed exteriorization of cables at the tricuspid annulus (Fig. 3).
Three days later, once the patient regained consciousness with
no major neurological sequelae, a new lead and deﬁbrillator was
implanted for device ERI (Sprint Quattro lead and Protecta XT,
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Medtronic). The patient has remained in NYHA class I at the
6-month follow-up with no documented ventricular arrhythmias,
and is on standard medical therapy for left ventricular dysfunction.
3. Discussion
Duray et al. and Richards et al. reported a form of Riata lead
failure that involved exteriorization of the lead cables (‘inside
out’), which was a ﬂuoroscopy ﬁnding noted in patients with
abnormal lead parameters [1,2]. This was conﬁrmed in subsequent
single-center studies and various national registries, that ulti-
mately led to a class I recall of Riata leads issued by St. Jude
Medical in December 2011 [3–5].
Lead failures are classiﬁed as either structural lead failures or
electrical lead failures, and failures of 8F single coil leads are more
frequently reported. Structural failures occur with a reported
incidence of 14–34% and are evident as cable exteriorization in
ﬂuoroscopy studies [6,7]. Electrical failure is seen in 2–6% of leads
with structural failure [3]. Electrical failures may present as a
sudden rise in capture threshold, a change in impedance, over-
sensing due to noise, inappropriate shocks, failure to deliver
deﬁbrillation therapy, or a decrease in R wave amplitude. Inap-
propriate shocks occur in 15–24% of leads with electrical failures
[3,5,8].
An unusual feature in the present case is that the occurrence of
noise after the ﬁrst high voltage shock resulted in multiple shocks
mimicking an electrical storm that was nearly fatal. Fluoroscopy
revealed a structurally abnormal lead with conductor exteriori-
zation. There was no change in electrical parameters. The exact
mechanism by which a high voltage shock led to an electrical
failure in an aging lead with stable electrical parameters is
unknown. A case in which noise followed a high-energy shock
during deﬁbrillation testing in a patient with a Riata lead has been
described earlier [3]. This event was attributed to a complete
breakdown of the ethylene tetraﬂuoroethylene coating around the
conductor, induced by a high voltage shock, due to partial abra-
sions in the coating. It is possible that the high voltage shock
precipitated an electrical failure in our patient by a similar
mechanism in a lead with a preexisting asymptomatic mechanical
failure (conductor exteriorization).
Monitoring of Riata leads with regular ﬂuoroscopy has been
recommended to identify early structural defects. However, there
is still a debate regarding the appropriate strategy for the clinical
management of asymptomatic patients who present with con-
ductor exteriorization and normal lead parameters. It is still
unclear whether a conservative approach with frequent monitor-
ing of electrical parameters should be adopted in such patients in
comparison to a more aggressive approach of abandoning/repla-
cing the defective lead with another lead. This report highlights
the importance of frequent ﬂuoroscopy to identify structural
failures in Riata leads (even those with normal electrical para-
meters) as structural failures may be asymptomatic and may
become evident only during the evaluation of an electrical failure.
Fig. 1. Intracardiac electrograms. (a) Regular tachycardia at 260 ms was binned as ﬁbrillatory complexes and reverted to sinus rhythm after a high voltage shock. (b) Noise in
sinus rhythmwas binned as ﬁbrillatory complexes. (c) Inappropriate shock, delivered in response to noise, initiates ventricular ﬁbrillation. (d) Episode summary 35: showing
a prolonged charge time (428 s). F, ﬁbrillatory complexes; VS, sinus rhythm; HV, high voltage shock; VT, ventricular tachycardia; and VF, ventricular ﬁbrillation.
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It also supports an aggressive approach in managing patients
with asymptomatic structural failures as the ﬁrst manifestation
of an electrical failure in these leads may be life-threatening and
catastrophic. Finally, it highlights a unique presentation of electrical
failure in an old Riata lead, whereby a high voltage shock leads to
noise, which in turn results in a series of inappropriate shocks.
4. Conclusion
We present a case of Riata lead failure with an unusual
presentation, i.e., noise after a high voltage shock that led to a
series of inappropriate shocks, mimicking an electrical storm. A
strong suspicion of electrical lead failure should be considered in
Fig. 2. Trends in electrical parameters. Electrical parameters assessed included (a) battery voltage, (b) capture threshold, (c) R waves, and (d) high voltage lead impedance,
from implantation to the time of presentation. ERI, elective replacement interval; RV, right ventricle; and SVC, superior vena cava.
Fig. 3. Fluoroscopy studies. (a) Left anterior oblique and (b) left lateral views revealed conductor exteriorization (white arrows).
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patients presenting with electrical storms, if they have a Riata lead
implanted. This study supports the use of ﬂuoroscopy to identify
structural defects in ICDs and also indicates that an aggressive
approach – abandoning/replacing the defective lead with another
lead – should be employed in the clinical management of patients
with this presentation.
Conﬂict of interest
None.
References
[1] Duray G, Ireal C, Schmitt J, et al. Implantable cardioverter-deﬁbrillator lead
disintegration at the level of the tricuspid valve. Heart Rhythm 2008;5:1224–5.
[2] Richards MW, Warren CE, Anderson MH. Late failure of a single-coil transve-
nous implantable cardioverter deﬁbrillator lead associated with conductor
separation. Europace 2010;12:1191–2.
[3] Cheung JW, Al-Kazaz M, Thomas G, et al. Mechanisms, predictors, and trends of
electrical failure of Riata leads. Heart Rhythm 2013;10:1453–9.
[4] Shen S, Bhave P, Giedrimas E, et al. Prevalence and predictors of cable
extrusion and electrical integrity with Riata deﬁbrillator lead. J Cardiovasc
Electrophysiol 2012;23:1207–12.
[5] Parkash R, Exner D, Champagne J, et al. Failure rate of the Riata lead under
advisory: a report from the CHRS device committee. Heart Rhythm 2013;10:692–5.
[6] Parvathaneni S, Ellis C, Rottman J. High prevalence of insulation failure with
externalized cables in St. Jude Medical Riata family ICD leads: ﬂuoroscopic
grading scale and correlation to extracted leads. Heart Rhythm 2012;9:1218–24.
[7] Theuns DA, Elvan A, de VW, et al. Prevalence and presentation of externalized
conductors and electrical abnormalities in Riata deﬁbrillator leads after ﬂuoro-
scopic screening: report from the Netherlands Heart Rhythm Association
Device Advisory Committee. Circ Arrhythm Electrophysiol 2012;5:1059–63.
[8] Hauser RG, McGriff D, Retel LK. Riata implantable-cardioverter deﬁbrillator lead
failure: analysis of explanted leads with a unique insulation defect. Heart
Rhythm 2012;9:742–9.
J. Shenthar et al. / Journal of Arrhythmia 30 (2014) 525–528528
